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(54) HEAT SINK AND MANUFACTURE THEREFOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To increase the sizes of a 
heat sink mounted on a large capacity rectifier by 
composing the heat sink of a Cu-Mo composite board, 
which is provided by melting a copper of a specific % in 
mass ratio, and impregnating a Mo green compact with 
the molten copper. 

SOLUTION: Mo powder having an average grain 
diameter of 4 jam is made into a 5x80x185 mm green 
compact by a hydraulic molding machine, a Cu board of 
25% in mass ratio to Mo is mounted, and the Cu board is 
molten in a hydrogen-reduced atmosphere furnace at 
1300°C to impregnate the Cu board with Cu. The Cu 



content measured by an ICP light emitting analyzing tool 
was 20.5 mass % and a relative density was 97%. The 
surface is flattened and rolling is repeated while being 
heated with a 400°C hot plate at a draft of 10% or below 
and the board is machined to have a thickness of 3 mm. 
The aspect ratio of the Mo particle of the board was 
approximately 2 and anisotropy of a thermal expansion 
coefficient was 8%. Therefore, a large area heat sink 
mounted on a large capacity rectifier for an electric 
railway car and electric vehicle is formed of a Cu-Mo 
composite board provided by melting copper and 
impregnating Mo green compact with a molten copper of 
20-6^> in mass ratio. 
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[4#fFft*©«5B] 

[ft**u ^yyfy (Mo) <w£nm^ mt 

t?2 0~6 0%©« (Cu) £*§Bu fte#-S£**5-&& 
UTftSCu-Mo*^a&tR*»fe*Sr iSrWRti"* 

[ft** 2] »**i^<d#S»**K:*sv*-c, Sffi 
JESCXttJfrMJEEJg Sr«fe •) r t lc i o T# ibtLSffi® 
Stfco^ IMfc&JL^Cu***?**^ (Cut 
MotfS$J-K#*L-CV^) rtSrWttSMS 

[ft** 4] ff**1^30rt©V^n*>tC|E«<0 
ttflM&KfciSV^-C, MIECu-Mo«-a-«SriIM*PXL. 
fcffi®£T-&oT, ^©JIMK^MomT-OT^^ 
hit (£fi@/S*S@) dS2«T-C*>5ri:^mti- 20 

[ft** 5] »**4Wtt©;6H»2*fci8V*T, MfE 

[ft** 6] W*3«lBtt©ift«a6«fc48V^r. tfllB 
Cu^ai^y^fy (Mo) off«*ic«-UT, ft 

a*fc-e2 o~4 oyo-efc.srt^^t-rs^sfc 

[ft** 7] m**61E«»^^tR^*3V^T, 

[ft** 8] lt**7E«©iH»a£«fc43V^r, WIS 
Cu-^a*/4S*y (Mo) ©EEWI^LT, ® 

Sit-e2 0-3 0%Trfc*ri:SrWfti:i-S*«»»«o 

[ft** 9] ft**8|B«<D^S«(c*5V>-C. *Ug 
3I#.$:7~8. 5X10VK, iei$17 0~19 
OW/m • K> ty/?220~240GPa, 1 
Og/cm ! «T©*4*tt**jfc, K««S14**-t-Sr 

t*tt«*i-«*iM£«. 40 

[ft**10] ft**6|B«©^S«|C*5VNT, fitf 
IBCu^SS^^y (Mo) OJE«&ft:{-*J-l.T, 

«*itt?3 o~4 o%i?&sr fc*WRfc-*-5*H»S 

[«** 1 1 1 ft** i ommvtkmmmz-^^x, 
[ft** i 2 ] ft** i nm 3 ©rt©v ^tt*MciE« 
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[ft** 1 3 ) ft** 1 2fB*t©;ftSaWfc*5V*'rv 
!HEC u V ^Vffi^#:fc*M,T«*JfC4 

0-60 r i*#ftt.5MSfc 

[ft** 1 4 ] ft** 1 3 |E«©#*a£«fc*SVN-C\ 
fk*3Kflt&8. 7-1 2 x 1 0^/K, fS6**^2 3 0 
— 28 OW/m • K, -V^^l 70 — 200GPa, 

[ft** i 5 1 ft** 1 4 mm<DMtmmmzj$\,^x. 

3?®IS£Ra :£0. lmim ^0. 3mmtl)5: t 

ift** i 6 ] ft** 1 5 &m<otm&KKi3^x > 
[ft** 1 7 1 «** i e tzmnmrnmiZMffiTz 

[ft** 18] Mo *&*(C^J6 C u 5 
T©«d-e-ei&& bfc»*offi»fls|!:» ff *Jt-e 4 o - 6 
0%©$fi (Cu) Sr-^«LfcCu-Mo«^-S«d^|l 

[ft** 19] ft ** 1 8 fB«©^^«(-fe V NT , 
8. 7~12X10yK,ifi»$23 0 
~2 8 0W/m-K, +y^l70~20 0GPa > 
M10 g/cm 3 «T©i|#ttSH$;Lfcr i:Sr#®i;-r 

[ft** 2 o] ft**i 9fsm<otmmmi^is^x. 
[ft** 2 1 ] ft** 2 ow.monm&mz.&\^x. 

M1EC u -Mo*-&3£«Sr»IB]JBE3aiXH:aiB£EttLfc£E 
j£4Kd» & « 9 . akhfca*/* C u A 7 » * V * r t 

[ft** 2 2 ] ft** 2 i w.m<Dnmmm^-^^x, 
tmsmmt, n^Mxx^mxammK9 y y 9 . 

£*6Lfct£7 0 0T^±Tj&ft^3LTt>, i6o#cDJ5g 

*u mm* M.?<Dm\<^ft&mvtcit>^zm*m-F5>z. 

[ft** 2 3 ] ft** 2 1 mwL(otmgMkz.&\^x, 
m&sMms.. wth\~®m*Girz>m#i*ffitLx^z>z. 

[ft**2 4] Cu-Moto&W&l&RtcWB&'Zlf 
j£tC43V^T, (FSSS) 2 — 6/im©Mo|& 

*Sr> *flE*>SV^tt»*JE (C I P) 
/cm 2 KTOKJtff»#fc»*L, ilTEttfcSV^i 
*S*fc£H£UF<P T?, 1 0 8 3-1 3 0 O'C-CWSit 2 
0 — 6 0%<OCuSrMoJia#(:ta^tCu-Mo 

[ft** 2 5 ] ft** 2 4 flBtt®tt*t^0Stifi2r& 
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fcl*iVT, flWBCu -Mo 4 0%«T<OiD 

in** 2 6 1 W** 2 5 mm<otnmm^<omm^m 

(CuiMoWSl-K^UV^) ff®«Sr#Si£ 

[if** 2 7 ] if** 2 6 &m<nmmfiL<oWG&>m 
icm^x, m%e.&mfiL'V<DMomj-<DT *s<? hit (ft 
*«/*«® &2sxTx-hzz.k*¥fmk-r2>Mm 

isi** 2 8 1 if** 2 7 ^em^>ikmmm<om^m 

mw.ttfav>mm*m&v>& as8%«T-c*>' 

[i*S2 9l it**2 675^2 SOftOWftuMc 
*j£o ■ 

[it** 3 0 ] ft** 2 6 2 8 (DftwrfrrMC 

[it** 3 1 1 ft** 3 0 mm<nttmmL<DW&>m 

jc*5v^r, Wfa*px«cD^ffitcs?>o^?rJSb, 7 0 0<c 

b «> o # « £ ^-f 5 «, o # ttiDX*£ £#<5 r. £ 

m** 3 2 j st** 2 7 iE«<D^s«©asit*ffi 
o~3 t^wh-r^>tmwsL<om^ 
[»** 3 3 j it** 2 7 iE«©«fe^s«<D0!ijt^j£ 

[w ** 3 4 1 it** 3 3 mm<Dtmmi<owi&ijm 

icJ:o-C^Sr*i-6^cDSfe^«{-JDX-r5r t £ 

#m £ *- &immL<o9mum> 

[if** 3 5 ] m ** 3 4 IE«©^S^<DK5t^r& 
0-4 0 i k&W«i:i-Siaa»3&K©Kifc6F 

[if** 3 e i «** 3 5 ttmvikm&mvmmxm 
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IWB^Stt, ^HX^3%^T-e^Sr^-^5)-*$* 
S £ i: C> * S i £ *r W« £ i" 5 ttJR^<DSt&3r&. 
[ft** 3 7 ] if** 3 4 rett®tt9l»^<a9ia&£& 

0-6 0%T?*5^fcSr4Hli^64fe«iaaR©Ki6* 

[ft**3 8] Cu-Mo*-fr»R«ri!BSi-S*ifefc 
*5VvC, (FSSS) 2~6^mCDMo^*t 

10 5%&.T<DCuffitm&V, ?SflEfc5Vtt#7kiI (C I 
P) ^^*T?5 FV/cm' &.T<om?3X&1fafo$:W- 

mv. S5c^±*>5v^^i/pffi^4#H^'^ 5 •e, 1 0 8 3~ 

1 3 0 0 'C'CWiit 4 0 ~ 6 0 %© C u =SrttrfBJE5fs9-#:tc 
^«£-&T C u -M o «£-g«Sr#5 r £ Sr4$* £ -f 3 

[ft** 3 9 1 it** 3 8 w&(oi&mw&<Dm&3>m 

JC*5V^T, WIEC u — M o &&&&& 4 0 %&,±<DMT. 

mxffrmfrM&>2>w*4 o ot:eiT©taWffi®^io 

20 £ -T 5 K^S^OKit^jfeo 

[it** 4 o ] it** 3 9 mm<Dnmmm^mm^m 
e>jmmuz.y>vxwimuj: vx&mvt<owmm&&n 
[ft** 4 1 1 it** 3 9 ^s.m<oimwR<owt^m 

^^V^T, HtFiHJEM«{-l : T^#inXSrJ£br^7 5'^^ 
30 [000 1] 

m#m.R%}mmh7>i?x9 (mosfed , igb 

[0 0 0 2] 

50 ^s*^?>f>i^T^^-5 <) 
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[0 0 0 3] 

«, 89o~9oo < ct &&mm*m < , ^mm<Dm^. 

WJ:5t7 5 5'^#©» > fiS«(-*fL, ±9i8cl^ 

vn^o ziv^mtc-i-h<Dt LT, ^V^-X^V (w) t 
If3 (Cu) (£(T, W-Cu«^tttW) a* 

tfUSStt-CV^o i<DW-Cu«<g-#<WKig 

W- C u«-S-#:Sr#5*ft^ t t>tvTV^5. 

[00053 t??^^ &ffiFmn\z.m^z> i c 
ia^^-s-s^^fct), m&m&tti o~i 5%-£«£ 

[0 00 6] *fc±!B©«aJfc©S@$r^S£-*-5W<E># 
a^^S^rWJ-Kj&i-S^fe, 1 200~1 350tt 

[0007] t^zx, *L®m<Dmm&mmi$s' a &i&m 
^sfcgs (si) ^->y n^Sr«a^o»tfe^t;T/w 

[0008] ¥mftm?iz.tt-<@imm 40 

[0009] r<ofc«>, nafto^mftm+zmm-rz/* 

[0010] —is, ^w-^pi-ett-hjf sM<atc«, * 
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[oo 1 1] 7c*o, r. <o*&-c»ijt o mt><> tixmm 
[0012] ^iz^tcm^mmt vxx<m^hthx 

ii^, Cu^tfi s 10~2 0lt%is±^ ?»JK3g* 
# 6 ~ 7 X 1 0"*/K, Hfce^ 2 1 0 ~ 2 5 OW/m 

fcV^t (0. 5mm(5BS) . *B»ffc (B 5«tlS« 

[0 0 13] *fc, #?LKMotcCu§r^aLfcl 5~ 
2 01i%Cu-Mo fcfljflRSJvrvsas. Cu-Wl 

[0 0 14] 1tftgro*»ttJMkiKMetftf&*l*''< 

[0 0 15] StScolMXi LTfcJ:, fWS2~4mm 
■C. 9 8~3 7 5 cm 2 <75t.©Sr^S«i:V^\ — ^ 
ft^y 3 y^CtbHSMP UfflfDHS 2 . 2~2 5 

cm 2 kit-r<-t'm!n±<Dmm<ni£«<^tbz>o 

[0 0 1 6] fE{-^H$^-CV>^TT-RCM«, Cu 
ttiiii ! 4 0fi% (RCM4 0) $k_k<D\><r>Ko\^X 

xhv. m^xcu^m&KXoxmmx^ z>mm m 

5CufWi^4 0 J SfM%&LT<?mm\Z.o^Xte. *M 

[0 0 17] 2 0«i%C u-g-ftMo (PCM 2 0) "C 
I*, 7 OW/m • Kbg>'J>fe< * 

^C(*7X 1 OVKtS i i:<fc»3®V^t^tJ, 
<DS-gH4^^ < fc !K ^ 9 y ^ ^S^OfeWXcD^S 

[0 0 18]—^ 4 0~6 0Si%Cu-Mo (TT 
-RCM4 0~6 0) I*, RCM6 0d»5l* 

ttl 2. 3X1 OVKi^JV^ f&tem&&2 8 6 
W/m • Ktm< , ^yi>Atf (G a A s ) «©SJc^ 
»Kt b-cmffl^iX'rv^So L^b, RCMIJ, Cut 
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zft&mtMfe&tt-eh <o , Junta* pcMinw 
[00193 J&r-e, ^w©— ftflfWSWHtt, «5v«* 

So 

[0 0 2 0] #5§§»l©<b 5— o<DSIff6<)S^S}*> 

[0021] *»w©*e>fct5— oosww 

HM&KftJtift-f* r. t Khz* 
[0 0 2 2] *5SK(Oflfe©K^6<JlSMtt. fflGft 

t&a&K©S!ii£3!>ifcSr«ifci-3 r fc iz.hz> 0 

[0 0 2 3] ^^©fc 5 -o<Dte<DSW6<J^ 

[0 0 2 4] *5lll<o$f>l^t.5— o©I©8 20 

k.\z.tb%><> 
[0 0 2 5] 

[BUS -5 fc«>©#f!:] *«WfcJ:*i,tf, -eyy 

9*^ (Mo) ©ff»flcfc:, WSit-C2 0~6 0%cd® 
(Cu) *Wm. Jfe*ii**T*S («T, £S&V> 

[0026] if.^mnmmmmm.Kis^x. 
ffM«t?fco-c, m'Me^^cu-^ftA^^ (c 

uiMo^Jft— ^*bTV^5) £i:as#*LV\, 
[0 0 2 7] *»Wfc.fc*Uf, MofcfcfcK^fcC 

u«&5fc£ 5 ft*%«T©M^i^ Lfc»5fc©£E»#: 
K> W*JfC4 0~6 0%©$B (Cu) Sr-^gbTJfcS 

[0 0 2 8] #*WK:J:*U*» Cu-Mo«^ 

*MS«fcjeirt-«*ifefc*sv^r, (f s s s) 

2~6 Mm©Mo*&*Sr, JfcffifcSVfctSMcfE (CI 

P) /l^^i-C5 hy/cm ! ^T©ff*tJI»fjt^f 40 

j«u aTcttfcsvNtt^ettswaoFf-^ io8 3~ 

1 3 0 0 < C-CKfiJt2 0~6 0%©Cu£Moffi&&#:S- 

[0 0 2 9] £fc, #$g?Hfc:J:;jT,ti\ Cu-MoIM 
fcSrttJfrTSlfr&KlJJV^-C, (FSSS) 2~ 

6^mffiMo»*i:5%KT©Cu»tl^U ^ffifc 
5W±#7kJffi (C I P) hV/cm 1 KT 

©ffiA"?ffilW*«r?&*U Jl5ctt*>*VM43FflH!fe#H» 

1 0 8 3-1 30 0t-?fltt4 0~6 0%© 50 
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[0 0 3 0] 

mw<&mm<otem «t, #*w©*ifi©jtHRuiov* 

[00 3 1] *3£W© J; 5 fc, ffl©-&*S^S*Jt 3 0 
^H#-t 6 . 7 (g/cmMHTO 

[0 0 3 2] * y /fytetfflS^M 

SrHSftrrS-iftC »*ffJ«J&»«:fliv*@fj£© 
ttMo-Cu^«Sro< 5i£<?;*f§r, h«r 

[0 0 3 3] *^l^{cig)|sf^ LTfflV>P>4x-5^y 

T»5GU#e>*tS. *3SMfc*5V^rtt, «&*^(c*51t 

[0034] #»8m;i:jav*-r, «j|s^ y :/f 

14. F S S S«tS-e2~6 (im©itCJi)5„ '■?:©.£ 5 

©A ; itt>#<^FfB'a-e*>-5^e>Tfe5<, r©is#&«j&s 

/.NBtatt:, /L-tl. 8/iinT?, r;ft,£Lh©2. Oium-? 

[0035] stsasfttfsi:, juxmimT-* 

[0 0 3 6] *fc, *38MKl*SV^-C, ^»©^©mfi 
1 0 8 3 (»*L<«1 15 0) ~1 3 0 O'C©® 
B-efc-So ^r©a*«, n©jaK*5ffl*s, ^?LtM<, 

as»*£cjt<jsi#fc*#i:tta. 

[0 0 3 7] *5IW»C*5VNT, C I P©JE^Itt, 

5 hy/cm'UTt?*)^ ^Er©a*«, J9t©il 

±©«fr-&jR**«ii:* J W**VN 0 Lfciiot, £E» 
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[oo3 8j n=fc, tmmmmwm% ffiiaotin 

[0 0 3 9] #3S|I1M*5^-C, ffl©JPXfiy>fc< T t> 4 

a*Sptt«r«**>-ffc»SaH-Sr4:!9S-e#fc. itt£, 51* 10 
l< (*3 o%«rt»Jpi^-cfT^5 r. i-e, JtfeW^^ 

[0 0 4 0] Ifefc, *5§W(C*3V^, JEM«-<t'5*PXS 
4 0%«r«*.fcV»ttBas#* bV^i: Lfc<Z>ti:, 4 0%Sr 

%<Ditm& 3 ftv^ b 4 «_k ift 9~ , *»H©*m*HfcR. 

iEMlc J; 9 **qifl£ «r*SjK«tt* < , tr VZ&m 
fe§V^4 0 0 «KT©fi»fiWl*t 5 riT?SR 20 

9 IM«©Igi: b-C#3»-C*><5. 
[0 0 4 1] Kfc, *»Wfc*sv^r, fflgjqi©«l£, 
T'wxJpxSrfTofei JttSEto/J^v^X^eogg 

[0 0 4 2] *fc, #$8W<z>«fc 5<c«a»«Efcdav^r, 

fl>b, *^K(C*3V^«, fil*^*se>TfcJEffi*PXSrJfe 
[0 0 4 3] W_h<Dr i:(CJ;9, #3&?lite.<fc*tfi, 
[0 0 4 4] ^Lfc^ ^ott^jx^— 5?*© 

^l^AqXKiS&W^&^nS^fc^o -?:<D#-a- 

bT«*S-^< bTt>#ttJifi^(Sil«v>ri:tta^-C*) 
5. fib, *^BJ-C«, BP*,, &8H4Srfl[«L 

T*s 9 , r. <D <t 5 fcJE®;tHIXJfc^&if*H^SBfc: 

[0 04 5] ±ifc<DWtW<?><p-C C I PJ!£;ft£r 1 ~ 2 . 
3 h>/cm 2 tPCM4 0~2 6 CDMjt^&SrBfl* 
U Hffl±©Jf^*»e>, C I PJ±^2 F>/cm ! T? 50 
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P CM 3 o*-et Ltc„ 

[0 0 4 6] L*>U HI \z.7F-r*. 5t-s ffiffiT'^^^l 
■e, Mo»etffi^<OM#§r^«^t>tbfcigm, Cu& 

bfc„ IKse^^l 7 OW/m • K£t-t-C*>*U* 

mmiz-mmzzk^ ssiwtnxiovK 

3 0~4 0«f%Cu (PCM3 0~4 0) 2 
0~6 0jf*%Cu (PCM2 0~6 0) ^iSfflSSfflS: 

^•T-So o*9. HUCfcSi. S*2~6 f im©M 
o^5fet7°t/^ff^Srl~5 hy/cm' (OflSffl-CfMI 
fSrtllJ:?), V^5PCM2 0~6 OSrMit-t-S 

[0 0 4 7] *£*5. Mo&Wl ,im<Di§-g\ yv-^fc 
^tfe^lklVb 7*V-^^(DMoif5bC>^W^<, C 

^<©S^A9iA*^V^ MoJ|a^6 um&mx. 

Sfc<D^oV^Ttt, j§7C®*Sril5< b/itttKi^f>-r, 

9, Mo»*©K3ftefl£j«bV^ ^V^l«^ttt>** 

/ c m 2 *ss-ci4, m&kv^Yv >y&&m<s 5 

h^/cm 2 Sr®^.5iB'l4*^7 p W'^«tt^t*9 

©W#(cov^T{4. C I Pi4?ftjEJ; 9 fc^'ttds.tv^c 
«>, 1 0~2 0%m&KWLfe-tZ>Z.b&-?ZZ>o bd» 

— wmttc i p£e*«, 3 FVcm 1 iwmmn 

[0 0 4 8] M©^©*^ >- ht bT(4, Mo*&*(4 
«K j§7c14<05SV^^#ffl^-Cffi«&#:^ 500-1 00 

o'C-e^-t-SittcfeSc iiiggr^teo 

Tff^oTV^©^ a§7n, ta©IS^^iCt*tl 

[0 0 4 9] PCM50~60tC uMl©#V^© 
SrSiit-rSgSte, 2 y mS*©«ad^V^Mo*&*Sr 1 ~ 
1. 5 hV/cm 1 ©fiV^tfJlSiP, »**5JW*» 
JW8*OJM»t?C u-a-aSSr^vb cr— /W SIC 
l4^W^Sr^-t-S 0 f»l~5Si%©C 
u»**Mo»*fcift^bfc»*-Cffi«M*:^9, Cu 
^StSiiCJ: OCu-&ti©^v^lt©PCMSr 
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~4„m (iRJS&H) , /EASrl. 5~2 bv/cm 2 

[0 0 5 0] |g)2(*TT-RCMi:PCMCDKjgxe© 

[0 0 5 1] RCMttCu*&*tMo^*Srgrf«(D#J'a- 

i*C I PteJ:»)»5foi9BU «a*L.fc«, JE@-TSi:V> 10 
5X»"e«i6S*uS. *h4C»U #3i^<E>P CM«, 
Mofe**jftE *>5VM* % C I PKX *)f$MVtz.%:<D 
ffi^fCCuSr-^Sbfc^, HMi-St«>T?fct). RC 

5_t, *t**tLfcCu-Mo*^#tf 
[00 52] ^fc, IS3fc}\ PCM35tRCM40© 
15$ (T) lmmCD^MMfilcDJttSE^i-BI-^fcSo 5 
PCM 3 5(*CuO#J^*S^^VNtCt. 
tftjfe-T, Mo3Bc^-K»Cu©£«>SfS^#< 
•5. i*t3*!-&tWfe©W»T?*> 9 , flPX^Sr «fc >? &< Lt 20 

[00 5 3] tot, pcmii J&rafflESfcsvM*, 4 

0 o'cwTwmrajiM^prig-cfc^,, 

t\ 5 mmElT4?)l«MffSt? 9 0 %<DiPX^-C# 
•5c ig#lf:^l OmmSSOi^t^St^ 

1 5 0-4 0 o^v>ixm&&m:-Q&>z><> 

[0 0 5 4] m4{Zm-TX CulJ, 1 

5 0 < C-C§l5i^«^$AS®TL^fe, 4 0 Ott^ 

<oma*. <mtiz>* ft, lasts, %m 

mtm* rx*v >8mmw-rtit> 1 5 o~4 o o'c-t? 

[0 0 5 5] RCMtl^«l©3a*^&St®iPtl/S*S, 
Cm<o— g|sl:i&i!)5ffia*5pcMi 9/h£v\fc:«>, 

[0 0 5 6] 7"WX{CJ;5M'tfe!)PX't4(-oV^rt>|^fil© 40 

xjpiici; iJMf^-rSt. R CM 4 0 (i^ *7 9 
SVvE>{c*j-U P CM 3 5 liC u^^rStf^&VMd'bJfej 
f>1\ b*t9'9v9»MWi>^u iPH4l*RC 

M<fc 5,, 

[0057] **v?h:, ^m<omm<omm^x?>wm 

[00 5 8] («1) ?JStta4<*mOMo»*fr*ff 
jaOf^WTM. 5fy/cm' ©«fS«r»rt, J*^- (T) 
5 X 8 0 X 1 8 5mm<D&m#:&ftoti 0 :©S»#® 50 
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©RfiJ:b-e2 5%^coCu«Sr*-&, 7K*jl7t;'tt#ia^C 

^jefev^-r. i 300tt?cu^i, 

[005 9] -g-gftWlM XI*, T4. 6X77X17 
9mm-Cfc>9, CufgfiilCP (Inductively Coup 
led Plasma) »*#W*«T?H£Lfctt*, 2 0. 5» 
fi% (PCM 2 0) , *g^«li9 7%-Cfcofc, r<D 
^#©*H*r**to— =^fcJ:"9¥«««U 4 0 

0 %«T-C/Ijffi 5r)^ t> ig L^3mm^ T?*PX U fc„ r <D 
«©MoSf©7^^ Mt (ifeft1£/S$g1l) «rH£ 

-efcofco ^e«^(*'l 7 OW/m • K„ ^^^^2 
4 0GPatfcofc. 

[0 0 6 0] rcD^Sr 10 0X15 OmmWX 

©^S-^JTfcfe^iPISr^fT^ofcjS^ dlffi-^ffitwfi^ 

tc3 nmmmN i feo^-SrJfeLfc^ TK^H^'Pt-T 
8 5 0tX2 05)fflLfc^ lfro*0>VtU ^fe, !fe 
3k A^^W^FAtt^^ofCc J?tC. Ago- (BAg 
-8) tt»*Lfcl*» **aM6SrW*bfci: 15, 5kg 
/mm 2 ©3a^3S5#f>ttfc„ 

[0 0 6 1] (W2) WtStinKOMo©^ 
U STSJtt? 2 8 m m»«»C u M&rn 

-g-Lfco r<OS-&*&*S"C I PT\ M— 8 5 8 1-CPB^ 
Lfc^S^J: •? 2. 3hy/cm ! ©HfSSrilUt, ff^ 

(T) 5. 5X 1 80X 1 8 5 mm©Ji©#S:^ofc 0 
r ©B*©WaMf«tt 7 0 %-efcofe 0 £©JEtW*:«>-fcW 
(CMo©W*lfc-e2 5 Cutg£i|Hi\ A^jSTctt 
fl^t^tl SOOt-CCuSr^iLfc. -^S^ 
<0-9--<X«T 5 X 1 6 0 X 1 7 9mm-efct) , Cu-^ft 
ili2 0. 3W4% (PCM 2 0) > f!*f$e&f* 9 7 % 

ML, 4 0 0 < ClCta^bfc^?' hT'W^J^®*^ 
JIT^l 0 %^Tt?gM Srgl t> iS L (T 3 X^g 6 0/ 
X 1 7 9 mml Tail 1 t mi 

[0 0 6 2] r<0^6S-2 4 0X 1 5 Ommt-YX 

©^S!r^ : I^>^^*PXSr=fT^V^, 3 6 0 cm 2 cDM^Sr 

^cD^^li, ^ff, 4. 8kg/mm'0« 

fto 

[0 0 6 3] (M3) ¥«2/im©Mol9^»)I 
fmmxi. 2 Fy/cm' CO^fi^»(t, (T) 
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1 1 X 8 0 X 1 8 SmmOffil&frSrf^ofCo H CDRvpCD^S 

4ifc^6 3 %#<DCu **jl5ctt#ffl«JPK 
*V ^T, 105 ptt Cu^gUo-^NfWX 
(j:T10X7 5x"l 7 4mm"CS>l9> Cu^ftllj:5 

8. 8fi% (PCM6 0)^fcofc 0 

[0 0 6 4] r©-&Sflc(D*®Sr«#:*— t> 
tell, 2 5 OXXzWt&Vtc&y b/V- b-ClfcJi^ 
ffiT^l 0%«T^ffiM£r<&*)5&LT 1 mm*t?J0 

xufco r <Dj£m&<o¥®m&m(km* nxioy 10 

K, «iei¥tt2 8 0W/m-K, t^ttHOG 
P a -Cfcofco 

[0 0 6 5] 15X2 4 mmlM* X©(fl5 

asm. iw^^i»*L«o?FAtt4c-rA«F-c, 4. 6k 

g /mm 2 ~<?fcofc 0 

[0 0 6 6] (004) ¥»S3/im(DMo»l:» 
U Iiltt*5%^TOt@8 ^m(Dl»Cu»^g 20 

/cm 2 0>ffiffi«r#W\ J?^ (T) 11X80X185 
mm(Dff^^ofc 0 r<OI*(D*l»*aEH:5 0%-C*> 
o#: 0 ^<Dffi&#:<Z>±«Pfc:, M o CD®gifC 5 8 %ft(D 
Cu«£r*ii\ **3t5ctt#H«;*Pfc*5V^r 1 150t 
-eCuSr^gUCo r©*Ot>fXtt, T10X7 5X 
17 4mmT*>^ Cu§»ifi5 9. 6fi% (PC 
M6 0) -Cfcofco ^©-&S^Sr«3i:ra«^»5ftXS 
"CTlmmtTiPIU ra«^iT*>SE#, NiftoH 

fts M*i^IKWf©^Att4feD-r, JM9F-C, 4. 8k 
g/mm 2 0««MK«S»&tl,^«r t^^ofco 

[0 0 6 7] («5) ^i»ttft4/im<OMo»*Sr*ff 
rtJgitfl. 5 FVcm 2 <D«SL8r»frff* (T) 5 
X 8 0 X 1 8 5 mmCDfft&ft^o^o OffiKHfcOfB 
J}««tt6 0%t?ibofe e r. COH ^CO_h^JCM o CD® 

^SV^ 1 3 00ttCu^at^ o ^SftWX 40 
f*. T4. 6 x 7 7 X 1 7 9mmT*$>!9> Cu^ft* 
14, 3 5. 5St% (PCM3 5) . WM«9 8% 
-Cfco^Co r©^8M^Sr«3i:WI«<0«!a*U 3 00 

'Ctcfs^bfc*^ h^v~h-ea«>ftd5fe, ffir^i o 

%JKTT?£EjffiS:«l9igbT0. 8mm*t?JPItfc e r. 
<OffjB«<oWflW»3R«*B8. 5 x 1 0"*/K, 
S*ll2 0 0W/m*K, t^W2 2 0GPaTfc 
•9 . 2&#?l£«£ Lt*ffli»t|f: 0 * 
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[0 0 6 8] (006) W5t?ff»LfePCM3 5©T 
0. 8XD3 0mmOMV\ El 5 (a) fttfH 5 

(b) tC^-TJ: 5*DflSBl 3<DftmO 1 5mm, |fU£ 
*«B£ (D) 0. 3 5 mm-e«l^T/V'^PI|C < ): 9 

^ y T"7l/*\£2 5 ^m-C, *£S!cD^#&lCR0. 2mm 

[0 0 6 9] JfclRi LT, TT-RCM4 OOfDC®? 
<Ot><Dtra«(D*qXSrff*ofc»*, PCM3 5ij;gi 

fc^ % RCM4 0fi»^l Of/TJWM^J^ 

[0070] («7) &&w<Dm 7 \z.xz>*:mmni&M 

[0 0 7 1] TUJR^ttStufc^S^^ftS:, ±Tfc« 

(CIP) fctDl. Shy/cm^ffK 155 
X 2 5 5 X 3. 3mmfcSV^5. 3mm{C»t6 0 
[0 0 7 2] 0fSO^O«BtS<D±|C5fe(D^- y ^ Vffi 

gft^^/r|C#lt 1 1 5 0-1 30 OtitSo - 
<omm% 09*.fi. 2-6 ^m (J 

IS H2 116H,J:5Fsss ffiSISffi) 

UStWKW^+^fcSH-Sfflft^jKS-C, 1 1 5 0t:K 

a$ttic< < iSm^^V^s, Hg^cD^J: H 30 0t 

[0 0 7 3] #Cl^, ^ffico^T^^m *5J:IKK 
ffio»:tm««:#*fcX>. *-^v^#nX§rfr5o 5 M 
m«±CD~ ^ -jr/Wfro # SrJg L. 3 5 mml?©M B R p £ 

ttt6 5±5^m^^n^(D|6H(C*fi^oT^I9, ^ 

[0 0 7 4] ^JarSj J: 9 te^ 

±0. 7 5X1 0VKt*ofc^f±*^tt 
IBdS#e>iT,fco f»e»*fcOV^Ttt, 1 OW/m • Kt? 

[0 0 7 5] 
»1] 



(9) 



15 



16 



f 
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CI P 


w t % 


10xiO~ 6 /K 


U/mK 


GPa 


, 3 
g/cm 


1.0 


39.0 


9,0 


232 


212 


9. 6 


1.2 


35.2 


8. 5 . 


220 


219 


9.6 


1.5 


32.2 


8.2 


211 


224 


9.7 


1.8 


30.0 


8.1 


205 


228 


9.7 


2.0 


30.0 


8.0 


200 


232 


9.7 


2.3 


26.0 


7 3 


190 


237 


9.7 


(RT-850 *C) 


(RT -200 







[0 0 7 6] *fc, rrt, iffiftft^Lfctr 
fc*fr?-«r** -T -7 J: 5 APXI*^ A-Xlcfir £ J. 

o, jaaajo^-s'f ^t>ars-f, m*c«*itiaiwt-s» 

[0 0 7 7] L2»L, _hlS^3tc^Lfc^:ffi<Drt. WM 
t)2. 3l-V/cm ! f^e^^* 5 2 0 OW/m • 

temz&AKg-mvx, -^su-cv^Kt^fc^-f^y 

[oo78] m 8 ) *&w<offl 8\zx zxmmmmm 
[oo7 9] miR^ts^^c^y ^^»*>e><oH^ 

«7 iWMIfcfTofc,, ^{^^*0iJ.mm^m#Sr 3 0 0 

*#nx L-fctt -t if ffi t ft a ^>^*p h &mmc ft o fc. 

[0 0 8 0] ^t=->^v»ot4:)lLfci:?., * 

fc. *U*«r«*Ufcfcr2>, * y ^^©tt&fc 

felt t *fi«©Jt*ttKBT 2 -Cfco fc„ 

[008 1] m 9) *»M©W 8 i lRl«©*PXicJ; 
•9 , 3mm»j>2, 1 mmOM^M bfco ^t-@D 3 . 
0, [Ufyptt&P.- 2 5. WMfi&.n.} 5 , 8®¥ffl<Z>;fe5c 



20 ^Sr»«bTfc5te^¥ffl'ft«rj[©S>5^(^PXm* 
fc. t*><5A»o#fc^J8 tft«ftA/iRa«t>ft<IE« 
fttt-h^t)(cftofc 0 

[0 0 8 2] — mt*v7 ; r>-&m 
$B<D^r*sa*4 o%o#^-(covNT=fTftofct ^ 

[0 0 8 3] b^U #19 tlH^OT'^^nXSrfTfto 
30 [0 0 8 4] ^<DB3f, *-y y^^Oftg^tft^^it 

[0 0 8 5] 

[0 0 8 6] alcjgWfcitttf. iaffl«)fcJfiJfflS*u 

40 ^©^psrfT^-r, i**©fc»©ri!U&ja 
[oo8 7] §e>ic, *&mc&tit£, mm® 

50 («©»^ifi«T?©»4x) tayni-^Lfc 
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■So 

[ni2] mttM&^n<Dmm*mi-m-?3bz>o' » 
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* [BI3] PCM 3 5 tRCM4 0 CDJ?^ 1 mmf^ttS 
[B4] #a*fi^« ( 5 0 %&M 1mm) CD»W&ttt® 

[in 5] hi 5 (a) \tt&w<omtemic£z&m'Vtim 

»«©sPWB|-e*>S. 0 5 (b) ttH5 (a) OJinMK 



in 



Mol»i:7U*5A0MWIk 




Load (ton/fcm*) 



[02] 



[13 5] 
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00 
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